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Introduction 
Pulmonary rehabilitation (PR) has well-established benefits for the management of 
stable chronic obstructive pulmonary disease (COPD) [1]. However, its role during acute 
exacerbations of COPD (AECOPD) has been controversial [2, 3], which can be related 
with the heterogeneity in the design of the PR programmes implemented. Therefore, it 
is essential to compare the effects of PR during AECOPD across the different designs 
being used in the literature to inform an evidence-based clinical practice. Meta-analysis 
is a statistical procedure that integrates the results of several independent studies and 
derives conclusions about it [4]. This procedure has been playing a key role in evidence-
based clinical practice, being on the top of the evidence hierarchy and one of the most 
frequently cited forms of clinical research [4]. However, with the variability of treatments 
available increasing, the number of possible pairwise comparisons increase 
quadratically, and studies performing all these comparisons are frequently unavailable 
[5]. Therefore, network meta-analysis procedures have emerged to allow comparisons 
between multiple treatments, even when they have not been directly compared in studies 
[4, 5]. This study compares the results achieved using the classical meta-analysis and 





A systematic literature search (PROSPERO registration number CRD42017056930) 
was performed in February 2017 on PubMed, Scopus, Web of Science, EBSCO and 
Cochrane. Studies were included if they i) studied patients within 3 weeks of the 
AECOPD onset or until 2 weeks after discharge; ii) used PR or at least one of its 
components (i.e., any kind of exercise training, breathing techniques, airway clearance 
techniques or education and psychosocial support) as an intervention; iii) were written in 
Portuguese, English, French or Spanish and iv) were randomised controlled trials.  
Meta-analysis was only possible to conduct with a limited number of variables due to the 
large diversity of outcome measures and units of measurement used, and the wide 
variety of interventions implemented. For comparisons between components of the 
intervention, studies that performed at least exercise (i.e., exercise training or PR) were 
considered in the same subgroup. Treatment effects on symptoms of dyspnoea with the 
modified Borg scale, health-related quality of life assessed with the St. George 
respiratory questionnaire and length of stay (i.e., number of days hospitalised) were 
compared considering up to five subgroups of treatment: 1) exercise, 2) breathing 
techniques, 3) exercise+breathing techniques, 4) education&psychosocial support, and 
5) education&psychosocial support+breathing techniques. 
MetaXL 2.0 was used to calculate the individual and pooled effect sizes (ES). Individual 
ES were calculated as Cohens’ d based on the Pre/Post means and standard deviations, 
according to the formula of Morris (2008) [6]. 
We conducted direct meta-analysis and indirect meta-analysis. For the direct meta-
analysis, pooled effect estimates were calculated using a random and fixed-effects 
model. The input data were the Cohen’s d value of each study and the respective 
standard error. The output was the pooled Cohen’s d value and corresponding 95% 
confidence intervals. The heterogeneity was evaluated by the Cochrane Chi-square test 
(significance level: 0.1) and the I^2 statistic (25%-low, 50%-moderate, and 75%-high). 
To perform the indirect meta-analysis we assume the transitivity assumption and the 
effect estimates were produced by using the Bucher method [7] in R software. The 
measure of effect was the relative risk (RR) and the estimate overall effect was presented 
with the corresponding 95% confidence interval (CI). Each outcome was combined and 
calculated using the statistical software MetaXL 5.3. 
 
Results 
Thirty-five studies were included. In total, 3256 patients with AECOPD (64.6% male, 69.7 
years, FEV1 43.8%predicted) were enrolled in the included studies. The subgroups of 
treatment presenting statistical significant differences were the same in both methods, 
for all the outcome measures (tables 1, 2 and 3). 
  
 





Subset 1 2 3 1 2 3 
1  ✓ ✓  ✓ ✓ 
2 ✓   ✓   
3 ✓   ✓   
Legend: ✓comparison statistically significant. 
 
Table 2 – Comparison of the effects of the different subsets of treatments on health-
related quality of life. 
 Meta-analysis Network meta-analysis 
Subset 1 2 3 4 5 1 2 3 4 5 
1     ✓     ✓ 
2           
3     ✓     ✓ 
4           
5 ✓  ✓   ✓  ✓   
Legend: ✓comparison statistically significant. 
 
Table 3 – Comparison of the effects of the different subsets of treatments on length of 
stay. 
 Meta-analysis Network meta-analysis 
Subset 1 2 3 5 1 2 3 5 
1  ✓ ✓ ✓  ✓ ✓ ✓ 
2 ✓    ✓    
3 ✓   ✓ ✓   ✓ 
5 ✓  ✓  ✓  ✓  
Legend: ✓comparison statistically significant. 
 
Discussion 
Significant results were found using both the classical and the network meta-analysis, 
and no differences in the results obtained with the two methods have emerged. The 
network meta-analysis is a more complex procedure to implement since it requires 
  
transitivity, a challenging assumption, [8] which can hamper its application by health 
professionals. Nevertheless, recent literature as pointed out the importance of clinical 
researchers start to use the network meta-analysis to build an evidence sound practice, 
since it is a more powerful procedure and allows more precise estimates [8]. Thus, 
collaboration between mathematicians and health professionals is crucial to improve the 
quality of evidence-based clinical practice. 
 
Acknowledgments  
This work was funded by Programa Operacional de Competitividade e 
Internacionalização – POCI, through Fundo Europeu de Desenvolvimento Regional - 
FEDER (POCI-01-0145-FEDER-007628), Fundação para a Ciência e Tecnologia 
(PTDC/DTP-PIC/2284/2014) and under the projects UID/BIM/04501/2013, 
UID/BIM/04501/2019 and UID/MAT/04106/2019. 
 
References 
1. The Global Initiative for Chronic Obstructive Lung Disease, Global Strategy for 
the Diagnosis, Management and Prevention of COPD. 2019. 
2. Spruit, M.A., et al., Pulmonary rehabilitation for patients with COPD during and 
after an exacerbation-related hospitalisation: back to the future? European 
Respiratory Journal, 2018. 51(1): p. 1701312. 
3. Wedzicha, J.A., et al., Management of COPD exacerbations: a European 
Respiratory Society/American Thoracic Society guideline. European Respiratory 
Journal, 2017. 49(3): p. 1600791. 
4. Haidich, A.-B., Meta-analysis in medical research. Hippokratia, 2010. 14(Suppl 
1): p. 29. 
5. Lumley, T., Network meta-analysis for indirect treatment comparisons. Statistics 
in medicine, 2002. 21(16): p. 2313-2324. 
6. Morris, S.B., Estimating effect sizes from pretest-posttest-control group designs. 
Organizational Research Methods, 2008. 11(2): p. 364-386. 
7. Bucher, H.C., et al., The results of direct and indirect treatment comparisons in 
meta-analysis of randomized controlled trials. Journal of clinical epidemiology, 
1997. 50(6): p. 683-691. 
8. Bagg, M.K., G. Salanti, and J.H. McAuley, Comparing interventions with network 
meta-analysis. Journal of physiotherapy, 2018. 64(2): p. 128-132. 
 
